Since the discovery of the first exoplanets 1,2 , it has been known that other planetary systems can look quite unlike our own 3 . Until fairly recently, we have been able to probe only the upper range of the planet size distribution 4, 5 , and, since last year, to detect planets that are the size of Earth 6 or somewhat smaller 7 . Hitherto, no planets have been found that are smaller than those we see in the Solar System. Here we report a planet significantly smaller than Mercury 8 . This tiny planet is the innermost of three that orbit the Sun-like host star, which we have designated Kepler-37. Owing to its extremely small size, similar to that of the Moon, and highly irradiated surface, the planet, Kepler-37b, is probably rocky with no atmosphere or water, similar to Mercury.
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The Kepler spacecraft was launched in 2009 with the goal of determining the frequency of rocky planets in the habitable zone around Sun-like host stars in the Galaxy 9 . More than 150,000 stars are continuously monitored for transits of planetary bodies 10 . Transit-like signals indicative of three planets 11 were detected over the course of 978 days by Kepler in the photometric time series data of the star we designate Kepler-37 (also known as KIC 8478994 and KOI-245).
Kepler-37 is cooler than the Sun
12
. Stellar spectral templates were fitted to optical spectra of Kepler-37 13, 14 to determine initial values of the stellar properties. Despite the low luminosity and low-amplitude oscillations associated with cool main-sequence stars 15 , we were able to detect solar-like oscillations in the flux time series. Kepler-37 is the densest star where solar-like oscillations have been detected and an asteroseismic analysis of these oscillations allowed us to measure precise stellar properties 16 (for more information, see section 1 of Supplementary Information). Iterating between the astroseismic and spectroscopically derived stellar properties yielded final values for the radius and mass of 0.770 6 0.026 solar radii (R [ ) and 0.802 6 0.068 solar masses (M [ ), respectively. The small uncertainty in the stellar radius is important because this uncertainty limits the precision with which we can measure the planetary radius.
We fitted a transiting planet model 17 with three planets to the Kepler data using a Markov chain Monte Carlo technique 18 . The best-fitting model is shown, plotted over the transit data, in Fig. 1 . The transit model yields the ratio of planet radius to stellar radius. Using the asteroseismically derived stellar radius, we determined planet radii of 0:303 {0:14 R › (where R › is Earth's radius), for the three planets Kepler-37b, Kepler-37c and Kepler-37d, respectively, where the quoted uncertainties are the central 68.3% of the posterior distributions (equivalent to 1s) and account for both the uncertainty in the ratio of planetary to stellar radius (the dominant term for the inner planet) and the uncertainty in the stellar radius (the dominant term for the outer planet). A full list of planet parameters are given in Supplementary Table 1 .
It was not possible to confirm using radial velocities 19 or transit timing variations 20 that the three candidate planets are substellar bodies orbiting Kepler-37. We therefore explored possible astrophysical scenarios (blends) that can mimic a planet transit across the disc of Kepler-37 using the BLENDER procedure 6, [21] [22] [23] . BLENDER analyses attempt to show that a blend scenario is much less likely than a planet interpretation by creating a wide array of synthetic light curves of various blend scenarios and comparing the goodness of fit to the synthetic light curves with that of the true planet model. Inconsistent fits are rejected, as are fits to scenarios that are ruled out by additional information such as high-contrast imaging, Kepler Input Catalog 24 colours and high-resolution spectroscopic observations. Details of the supporting data used by BLENDER are provided in sections 2-5 of Supplementary Information. The final blend probability is compared with the expected frequency of occurrence of real planets (known as the planet prior) to calculate the final probability that the candidate is a true planet. Our planet priors are calculated by looking at the frequency of planets with a size within the 3s uncertainty range of the measured planet radii. We then apply a correction to the planet prior to account for false positives and incompleteness in the planet catalogue 25 .
In this study, we consider blends caused by background eclipsing binaries, background stars transited by a planet and physical companions transited by a planet. For Kepler-37d, the only credible blend scenario is a planet transiting a background G-or K-type mainsequence star with a brightness within 3 mag of Kepler-37, with a similar absolute radial velocity, but not seen by high-contrast imaging. The probability of such a source existing is vanishingly small, with an upper limit on the probability of 10
210
. We used the Kepler planet catalogue 11 to estimate the frequency of occurrence of planets with a similar radius to Kepler-37d, and hence calculate the planet prior. We find that a scenario in which the planet orbits the target star is favoured by a factor of .10
6 over false-positive scenarios. The validation of Kepler-37c proved slightly more challenging owing to the difficulty of calculating a planet prior for such a small body. The number of Kepler planet candidates orbiting F-M-type dwarfs with a similar size to Kepler-37c is 46, and we predict that the expected number of false positives in this size range 25 is 7.36. A total of 138,254 dwarf stars were observed continuously for the duration of the mission included in the Kepler planet catalogue, and the planet prior is therefore (46 2 7.36)/138,254 5 2.79 3 10
24
, not accounting for incompleteness. If we assume that a signal this small could be detected from transit across only 6.5% of stars, owing to the noise level in most stars exceeding the signal we detect here, we can boost the planet prior by a factor of 1/0.065 5 15.4, giving a final planet prior of 4.3 3 10
23
. The blend frequency for this source is calculated by summing all the individual blend probabilities: planets transiting background stars (1.49 3 10
25
), background eclipsing binaries (1.4 3 10
28
) and planets transiting a physically bound companion (3.3 3 10
27
). Therefore, the total blend probability is 1.52 3 10 25 and the odds ratio in favour of the true planet scenario is 287. As is common in BLENDER analyses, we can increase the probability of the true planet scenario because multiplanet systems are likely to be coplanar [26] [27] [28] . This increases the odds ratio by a factor of 8.3, to 2,350, making it equivalent to a confidence level of 99.95%.
For Kepler-37b, using the planet candidate list 11 to derive a prior is not appropriate because the list is far from complete at such small planet radii. In this work, we assume that planets of comparable size to Kepler-37b have the same occurrence rate as Earth-size planets 25 . The size range we use to calculate our planet prior is the 3s uncertainty range of the radius of Kepler-37b. This assumption is somewhat conservative because for larger planet sizes the occurrence rate increases with decreasing planet size 4 . There are 167 Earth-sized candidates in the Kepler planet candidate list. However, we expect about 21 of these to be false positives 25 . Given that only 15.5% of the stars observed by Kepler are capable of hosting a detectable Earth-sized planet, we find that (167 2 21)/(138,254 3 0.155) 5 0.68% of F-K-type dwarf stars are expected to host a transiting Earth-sized planet. We therefore take 0.68% to be our planet prior for Kepler-37b. The blend frequency in this analysis is dominated by background eclipsing binaries between 9 and 11.5 mag fainter than the target (the background eclipsingbinary blend frequency is 1.9 3 10 25 and the blend frequency from all other sources is 7.6 3 10
26
). This results in a total blend frequency of 2.6 3 10
25
. The ratio of the planet prior to blend frequency yields an odds ratio that favours the planet interpretation by a factor of 262. If we consider the coplanarity of the system, the odds ratio is boosted by a factor of 8.97, to 2,350 (a 99.95% confidence in the true planet interpretation).
We ran a dynamical simulation to determine whether this system of three planets is stable. For the initial conditions, we use the observed orbital period and the epoch of first transit for each of the three confirmed planets, and assume coplanar orbits. We adopt masses using the relation M p /M › < (R p /R › ) 2.05 (ref. 27) , where M p and R p are the planetary mass and radius, respectively, and M › is Earth's mass. For each planet, we performed 1,000 integrations over 100,000 years, each using initially circular orbits for the planets. All planets were found to be stable over the entire simulation.
Although sub-Mercury-sized planets are expected from theory 29 and their space-based detection has previously been predicted 30 , our detection of Kepler-37b is remarkable given that this transit signal would be detected in the data of fewer than 0.5% of the stars observed by Kepler. Although the detection of one planet cannot be used to determine occurrence rates, it does lend weight to the belief that planet occurrence increases exponentially with decreasing planet size. transit model fit to the light curve of Kepler-37 was calculated using a fourparameter nonlinear limb-darkening model that allowed for eccentric orbits. Limb-darkening coefficients were interpolated in stellar temperature, surface gravity and metallicity to determine the appropriate values for Kepler-37, and these were kept fixed. A Markov chain Monte Carlo technique was used to sample the planet parameters to account for correlated variables. The mean stellar density determined by our asteroseismic analysis was used as a prior in the analysis. The three panels show the transits of planets Kepler-37b (a), Kepler-37c (b) and Kepler-37d (c). The photometric light curve has been phase-folded on the orbital period of the planets to show the observed data as a function of orbital phase. Individual data points are shown as black dots. The blue dots show the data binned, with 90, 50 and 30 individual data points making up each binned point in a-c, respectively. The error bar size is the standard deviation of the data making up that bin divided by N 1/2 , where N is the number of data points in the bin. The best-fitting transit model from the Markov chain Monte Carlo analysis is shown as the red line. The signal-to-noise ratios of the transits of the planets are 13 (a), 49 (b) and 282 (c).
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